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Introduction
Soils consist of various organic and inorganic compounds that are mixed at different levels. The organic component of soils, commonly known as soil organic matter (SOM), and processes of its formation were widely studied especially in the last decades (Crawford D.L., Crawford R.L., 1980; von Lützow et al., 2007; Špoljar et al., 2014) . In the forests, decaying plant biomass tends to accumulate on the surface of the soil and its size is reduced by soil microbiota (Bardgett, 2005) . Litter, dead animal and plant bodies, which are mainly built from organic compounds, are suitable target for soil decomposers (bacteria and microscopic fungi) (Cotrufo et al., 2013) . The level of soil organic matter decomposition was shifted at various sites in TANAP although the overall amount of soil organic carbon did not change rapidly (Don et al., 2012) .
Cellulose, hemicelluloses, and lignin are the main chemical compounds of plant cell walls (Štursová et al., 2012) . Transformations of plant residues are carried out by enzymes produced by soil bacteria and fungi that greatly depend on the source of carbon (C) . For instance, cellulose, proteins, and fats, which easily decompose, are the ready sources of C. Otherwise, compounds such as lignin and other phenolic plant constituents are subjected to slow decomposition (Miranda et al., 2013) . Microbial characteristics studied at in TANAP showed sig- (Miranda et al., 2013) . Microbial characteristics studied at in TANAP showed sig-. Microbial characteristics studied at in TANAP showed significant spatial variability that can be reflected in the transformation of SOM (Gömöryová et al., 2008) . The chemical analysis of SOM can serve as a good indicator of its quality. The chemical methods of examining SOM fractions are based on its extraction in aqueous solutions, with or without electrolytes, or in organic solvents (Hanajík et al., 2016b; Kutsch et al., 2009; von Lützow et al., 2007) . Generally, about 20% of terrestrial C is stored in forest soils. In Tatra Mts., the forest covers approximately 60,000 ha at both Slovak and Polish sides (Jonášová et al., 2010) . Thus it serves as the suitable location for monitoring the soil chemical and biological properties (Hanajík, Fritze, 2009; Gáfriková, Hanajík, 2016; Hanajík et al., 2016a; 2017) .
The aim of this paper was to perform a quantitative determination of SOM fractions, determine their potential enzymatic activity, and to understand the correlation among enzymatic activities and SOM fractions of Dystric Cambisol in the spruce forest of Tatra National Park (TANAP), Slovakia.
Material and methods
Soil was sampled in July 2017 in forest spruce stands (F) near the spa hamlet Vyšné Hágy (N49°07′17.5˝; E20°06′16.4˝). The sampling locality is at an altitude of 1222 m a.s.l. and is a part of TANAP (Fig. 1) . The dominant species were Picea abies and Vaccinium myrtillus and main soil type is clay to sandy-clay Distric Cambisol.
The topsoil samples (F1-F3) were collected from a 15×15 m area by random choice. Th e soil samples were ho-×15 m area by random choice. Th e soil samples were ho-15 m area by random choice. The soil samples were homogenized by 2.0 mm mesh and refrigerated (at 4 °C). For the analysis of SOM fractions, the soil was dried at 40 °C for 4 consecutive days to constant mass (95-96% dry mass). For enzymatic analyses, the soil was stored at 4 °C for 2 weeks and then analyzed. The SOM fractions referred to as extractable substances were determined gravimetrically based on their solubility in nonpolar and polar extractives. Dichloromethane (DME) was used to remove nonpolar extractives, acetone (AE), ethanol (EE), and water (WE) to remove polar extractives (Wieder, Starr, 1998) . The Klason lignin (KL) was determined from extractive-free samples that were hydrolyzed in sulfuric acid. The nonhydrolyzable residue was defined as KL. The acid-soluble lignin (ASL) was determined spectrophotometrically from KL (Ehrman, 1996) . Holocellulose (HC) (sum of cellulose and hemicellulose) was determined from extractive-free residue samples by sodium chlorite method (Allen, 1974) . Potential soil enzyme activity was estimated using the colorimetric method with a spectrophotometer. The hydrolytic capacity of soil was estimated by fluorescein diacetate (FDA) hydrolysis in potassium phosphate buffer (pH 7.6). The method was described by Schnürer and Rosswall (1982) , Shaw and Burns (2005) , and Green et al. (2006) . The potential phosphatase activity (PH) was determined according to Tabatabai and Bremner (1969) using nonbuffered system by distilled water instead (Eivazi, Tabatabai, 1977; Shaw, Burns, 2005) . The dry weight (DW%) was determined by drying soil samples at 105 °C overnight. The SOM content was measured gravimetrically as loss on ignition (LOI) from dried samples at 550 °C for 4 h.
Results and discussion

Soil organic matter fractions
We analyzed SOM fractions of Distric Cambisol originating from forest spruce stands (Picea abies) according to their solubility in non-polar and polar chemical substances (Table 1) . As re-gards to the total extractives content (non-polar and polar) forest spruce stand soil had 0.079%. During an extraction process using dichlormethane (DME) non-polar extractives (NPE) such as oils, waxes and fatty acid e.g. were extracted. The total amount of NPE reached up to 0.036% (±0.003%), which represents 45.67% of total extractives content. The total number of polar extractives (PE) was to 0.043% (±0.002%). Carbohydrates, ketones, and other nonpolar compounds make up 54.33%. The mean amount of polar extractives tended to increase in the order: EE<AE<WE (Fig. 2) .
There are several published articles on the quantitative determination of organic fractions. A majority of them focus on the branch litter (Vávřová et al., 2009) , eucalyptus (Yadav et al., 2002) and birch (Miranda et al., 2013) bark, or different ecosystems such as peatlands (Straková et al., 2010; Wieder, Starr, 1998) and tropical pastures (Marín-Spiotta et al., 2008) . For the branch litter of Scott pine, Vávřová et al. (2009) reported 31.4-87.6 mg.g -1 of dry mass of NPE. The yield of PE increased in the order AE<WE<EE. In regard to birch bark composition, Miranda et al. (2013) reported total extractives of 17.6% (DME=5.1% EE=5.5% WE=5.2%). Wieder and Starr (1998) the amount of soluble fats, oils, and waxes to 5.23% in peat soils.
The total lignin content (Klason+ASL) was determined to be 1.079%, the mean yield of KL reached 0.628%, and the ASL was 0.4510%. The mean yield of HC was 0.774%. The amount of KL and ASL differs within vegetation. For instance, in hardwood of birch (Betula papyrifera), KL ranged between 24 and 32% and ASL 2-4% (Nicholson et al., 2014 ) and fine branches of Scott pines (Pinus sylvestris) included 427-436 mg.g -1 of KL and 7-10 mg.g -1 of ASL (Vávřová et al., 2009 ). The total content of lignin in organic peatland soil was 36.74% (Wieder, Starr, 1998) . Lignin belongs to the most abundant aromatic plant component. Thus their input via plant litter (aboveground and belowground) to soil represents approximately 20%. According to its abundance, lignin is considered as a major component of SOM (Hi-(Higuchi, 2006) . Lignin decomposes slowly and its degradation is mediated by bacteria (Streptomyces sp., Nocardia sp.) and basidiomycetes brown and white-rot fungi (Crawford D.L., Crawford R.L., 1980) . During the processes of its biodegradation, lignin is transformed into nonlignin products and incorporated into SOM (Thevenot et al., 2010) .
The holocellulose (HC) content of Dystric Cambisol of Picea abies forest varied between 0.73 and 0.82%. Cellulose and hemicellulose are considered to be the most abundant and moderately labile components of plant litter and are degraded more easily than recalcitrant fractions (Bardgett, 2005; Kutsch et al., 2009 ). The content of cellulose depends on sampled litter type a soil horizon. Štursová et al. (2012) sampled the litter layer and organic horizon of topsoil of P. abies forest. The cellulose content was determined to 36° mg.g -1 for litter layer, and 11 mg.g -1 for organic horizon. The HC content was determined in twings and branches of Pinus sylvestris to 500-560 mg.g -1 (twings) and 600-700 mg.g -1 (branches) (Vávřová et al., 2009) . In highly organic peat soil, HC represented 51.35% (Wieder, Starr, 1998) . . Notes: DME − dichloromethane; AE − acetone; EE − ethanol; WE − water; ±SD, n=6.
In soil, the content of litter and bulk organic matter is influenced by many environmental factors such as pH, soil moisture, and climate but also by vegetation cover and land use (Gru-Gruba, Mulder, 2015). These variables might have an impact on lignin degradation as well. The optimal mineralization of lignin and cellulose by Streptomices viridiosporus was observed at pH 8.5 (Pometto, Crawford, 1986) . However, soil pH of the studied site was found to be strongly acidic (pH H2O 4.0; pH KCl 3.2) (Hanajík et al., 2017) , which means suppressed biodeg- (Hanajík et al., 2017) , which means suppressed biodeg-, which means suppressed biodegradation and SOM turnover.
Soil moisture content can be reflected in dry weight percentage (DW%). High DW% indicates low moisture content and on the contrary, low DW% shows favorable moisture conditions. SOM serves not only as a source of energy and nutrients for microorganisms but also provides organic compounds for stabilization of organic matter. The mean DW% determined in our study was 63.4%, and the mean content of SOM was 26.6%, which is compara-63.4%, and the mean content of SOM was 26.6%, which is comparacontent of SOM was 26.6%, which is compara-26.6%, which is comparawhich is comparable to previous research (Ďugová et al., 2013; Gáfriková, Hanajík, 2016; Hanajík et al., 2017) .
The overall values of every extractive were lower in contrast to different scientific papers that were predominantly focused on litter quality, different soil type, or vegetation. Generally, in topsoil, plant litter is mixed and incorporated into soil and undergoes changes via micro-T a b l e 1. Soil organic matter fractions, dry weight, and SOM of forest spruce stands (F1−F3). bial transformation. These processes can be enhanced or reduced by several environmental factors (mainly soil pH, soil moisture, and substrate availability). In Dystric Cambisol, soil pH indicated unfavorable conditions for organic matter turnover. Thus in this case an accumulation, rather than transformation of SOM, can be observed. Also, the quality of SOM is considered low and SOM is transformed into more stable forms (humus). In TANAP forest spruce stands, based on low pH values and altitude, the major contributors to SOM turnover are microscopic fungi, but the optimal mineralization of lignin and cellulose is completed at around a pH of 8. Higher values of lignin yield can indicate its slower mineralization. Moreover, the yield of organic fractions, lignin, and HC is generally higher in fresh material (e.g., leaves, bark) than in soil, because it contains more organic compounds than soil.
Potential enzymatic activity
Enzymatic activity in the soil reflects the activity of soil microbiota, especially bacteria and fungi that are crucial for sustaining fluxes of essential chemical elements and supporting SOM turnover. Hence, the analysis of soil enzyme activities can be necessary for the evaluation of soil and SOM quality assessment (Shaw, Burns, 2005; B�o�ska et al., 2016) . Th e po- (Shaw, Burns, 2005; B�o�ska et al., 2016) . Th e po-. The potential FDA activity of the forest spruce stand soil (Fig. 3) varied between 0.24 and 0.39 µg fluorescein/g dry soil/0.5 h, with a mean value of 0.3028 µg fluorescein/g dry soil/0.5h. FDA in soil is hydrolyzed by a variety of enzymes, for example, proteases, lipases, and esterases. Bacteria and fungi are considered to be a major decomposer in the soil ecosystem. In general, they are responsible for more than 90% of the energetic flux in soil. Therefore, this method reflects potential hydrolytic capacity of the soil (Adam, Duncan, 2001; Green et al., 2006) . FDA activity depends on several soil properties, such as pH, soil texture, and SOM content. These variables could be taken into account in the interpretation of results (Schnürer, Rosswall, 1982) . The FDA activity of Haplic Chernozems was higher than that of Haplic Luvisols and ranged between 0.05 and 0.20 and 0.24 and 0.39 µg fluorescein/g dry soil/0.5h (Javoreková, Hoblik, 2004) .
The acid phosphomonoesterase activity of Dystric Cambisol varied between 0.78 and 0.86 µg p-nitrophenol/g dry soil/h and the mean value for this variable was 0.81 µg p- nitrophenol/g dry soil/h (Fig. 3) . The activity of soil phosphates is necessary for bioutilization of phosphorus for and its availability for plants. Thus, increased PH activity was observed in soil rhizosphere (Nannipieri et al., 2011) . Phosphomonoesterase activity can be influenced by soil pH, C, N and P content (Šantrůčková et al., 2004) and can vary seasonally (Margesin et al., 2014) .
Statistical analysis
The data variability is presented in Fig. 4 . The highest variability among organic extractives was determined for DME fraction. DME max reached 0.043% and DME min 0.029% . Among samples solubilized in polar extractives, WE showed the highest variability (WE max 0.026%; WE min 0.016%). The less variable data were observed for AE; however, this is the only extractive where outliers, upper and lower, were calculated. Regarding EE, most of the values were below median (EE med 0.0092%).
In the case of KL and ASL, data were not normally distributed. The 75% of values for KL were over the median (KL med 0.6) and about 30% for ASL values were below the median (ASLmed 0.47). The values of HC showed low variability in comparison to KL and ASL. The simple linear regression showed a strong linear relation between enzymatic activity and DME (r =-0.913; p<0.05 and r=0.843; p<0.05) , p<0.01 and r=0.899; p<0.05) . In each case, FDH indicated a negative and PH a positive correlation. Furthermore, PH positively correlated with WE (r=0.972; p<0.01) and negatively with p<0.01 ).
The number of tested samples provided the first approach information about the studied soils in TANAP though formulation of sufficient conclusions needs to be tested on wider set of samples in order to obtain statistically stronger findings. 
Conclusion
The quantitative determination of organic fraction of forest spruce stands in Tatra National Park indicate higher amount of polar extractives (e.g., carbohydrates) compared to nonpolar extractives (e.g., waxes, oils). Lignin content and cellulose content were ten times lower than in, for example, litter or bark. The overall FDA capacity of soil was indeed optimal compared to different soil types; here we can claim that it reached slightly higher values. Otherwise, overall PH activity was found to be lower. The data revealed high variability of polar extractives and FDA hydrolysis as well as a strong correlation between FDA and Klason lignin (r=-0.873; p<0.05) also FDA and DME (r=-0.913; p<0.05 T a b l e 2. Correlation coefficients.
